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(57) ABSTRACT 

A plurality of nodes are coupled via a serial data bus so that 
simultaneous transmission on the bus of a dominant state by 
at least one of the nodes and a recessive state by the other 
nodes results in the dominant state being detectable on the 
bus. A transition from a ?rst state to a second state is 
repeatedly transmitted onto the bus from a node arbitrarily 
selected from the plurality of nodes. The ?rst and second 
states are complementary states selected from the dominant 
and recessive states. The arbitrarily selected node is de?ned 
as the bit master. One or more of the nodes transmits onto 
the bus dominant and recessive states at a ?rst predeter 
mined time after each transition. The transmitted states 
representing respective dominant and recessive bits of an 
attempted message. The plurality of nodes detect dominant 
and recessive states of the bus at a second predetermined 
time after each transition. The sensed dominant and reces 
sive states representing respective dominant and recessive 
bits of a detected message. Any of the one or more nodes that 
transmits a recessive bit at the ?rst predetermined time and 
detects a dominant bit at the second predetermined time 
ceases transmission of bits onto the bus. 
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BITWISE ARBITRATION ON A SERIAL BUS 
USING ARBITRARILY SELECTED NODES FOR 

BIT SYNCHRONIZATION 

FIELD OF THE INVENTION 

[0001] This invention relates in general to data commu 
nications, and in particular to arrangements using message 
sending nodes coupled via a serial bus. 

BACKGROUND 

[0002] The availability of small, loW cost, and relatively 
powerful microprocessors has resulted in these devices 
being used a variety of neW Ways. Previously, the higher cost 
of microprocessors meant they Would be employed only for 
more complex tasks. HoWever, the commodity market for 
cheap microprocessors has alloWs these devices to be used 
as substitutes for conventional or special purpose circuits, 
often at equal or loWer cost. At the same time, the device’s 
processing poWer alloWs them to handle additional functions 
in a particular application that Would be much more dif?cult 
to implement using conventional circuits. 

[0003] In the ?elds such as distributed control and process 
management, the availability of cheap microprocessors 
alloWs more complex interactions betWeen distributed 
devices. For example, there are numerous different electrical 
functions that are initiated at various places throughout an 
automated system. These functions may include activating 
mechanical devices, sensing physical quantities, accepting 
user inputs/controls, detecting system failures and improper 
states, etc. Conventional approaches require one or more 
conductors to be provided for each of these functions. For 
example, a separate Wire may connect each temperature 
gauge in a system With an associated temperature sensor. In 
environments such as automotive and aerospace, Where 
space and Weight are at a premium, such Wiring require 
ments can severely restrict the functionality that can be 
provided by conventional approaches. 

[0004] By making use of the previously mentioned micro 
processors, the number of conductors needed to provide 
inter-device communication is greatly reduced. Instead of 
dedicated Wires betWeen related components, a single Wire 
may provide a serial signal path that is used for all inter 
device communications. A poWer supply and return Wire 
may also be connected to some or all of the components. 
Each device includes a communications node that can send 
messages to and receive messages from the other devices’ 
nodes on the signal path. Each node receives every message 
on the signal Wires and uses the messages appropriate for 
operating its associated device. 

[0005] One problem using a single serial signal path is that 
of message collisions, Where tWo or more nodes send 
messages on the signal Wires at the same time. One solution 
to resolving message collisions is provided by the Controller 
Area NetWork (CAN) system, Which uses bit-Wise arbitra 
tion. In the CAN system, messages are encoded using 
signals that represent either dominant or recessive bits. If a 
communicator sends a dominant bit signal, the dominant bit 
is present on the signal path regardless of the number of 
other communicators that are sending recessive bits. Each 
communicator senses the signal on the signal path, and 
ceases sending its message if, When sending a recessive bit, 
the node senses a dominant bit. This process of detecting 
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collisions at each node and ceasing sending messages upon 
detecting of collisions is referred to as arbitration. 

[0006] The leading bits of a message in a CAN-type 
system act inherently as a priority during arbitration. Mes 
sages that have the largest sequence of dominant leading bits 
Will Win arbitration over other simultaneously transmitted 
messages. Therefore, the system designer can ensure mes 
sages have the desired priority by forming messages having 
a particular ordering of leading bits in relation to other 
messages transmitted on the system. 

[0007] In order to synchronize nodes on a CAN-type 
system, each receiving node must adjust its internal timers 
With each received bit so that the receiving nodes stay 
synchronized With the transmitting nodes. HoWever, it Was 
recognized that for loW data-rate systems, such an elaborate 
synchronization mechanism could be avoided if a commonly 
accessible timing signal could be used to synchronize the 
nodes. 

[0008] For example, in ENVIRACOM® systems pro 
vided by HoneyWell®, each bit transmitted on the serial line 
is synchronized to a half cycle of AC poWer. Where the AC 
line frequency is 60 Hz or 50 Hz, this provides data rates of 
120 bits per second or 100 bits per second, respectively. 
Because ENVIRACOM is primarily intended for use in 
residential Heating, Ventilation, and Air Conditioning 
(HVAC) systems, these loW data rates are not an impediment 
to providing useful system controls. This simpli?ed method 
of synchronizing control/ sensing nodes alloWs creating rela 
tively sophisticated HVAC systems using legacy thermostat 
Wiring and relatively loW-cost HVAC components. 

[0009] HoWever, as systems become more complicated, 
the need for higher data rate bus speeds in ENVRACOM 
type systems is becoming apparent. HoWever, such systems 
need to retain backWards-compatibility With previous 
devices Whose data rates are synchronized to the poWer line 
frequency. Such systems should also retain compatibility 
With the higher layers of the message-exchange protocols so 
that previously designed application softWare can be reused 
With the higher data rate systems. 

SUMMARY 

[0010] The present disclosure relates to data communica 
tions betWeen nodes coupled to a serial bus. In particular, a 
plurality of nodes are coupled via a serial data bus so that 
simultaneous transmission on the bus of a dominant state by 
at least one of the nodes and a recessive state by the other 
nodes results in the dominant state being detectable on the 
bus. A transition from a ?rst state to a second state is 
repeatedly transmitted onto the bus from a node arbitrarily 
selected from the plurality of nodes. The ?rst and second 
states are complementary states selected from the dominant 
and recessive states. The arbitrarily selected node is de?ned 
as the bit master. One or more of the nodes transmits onto 
the bus dominant and recessive states at a ?rst predeter 
mined time after each transition. The transmitted states 
representing respective dominant and recessive bits of an 
attempted message. The plurality of nodes detect dominant 
and recessive states of the bus at a second predetermined 
time after each transition. The sensed dominant and reces 
sive states representing respective dominant and recessive 
bits of a detected message. Any of the one or more nodes that 
transmits a recessive bit at the ?rst predetermined time and 
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detects a dominant bit at the second predetermined time 
ceases transmission of bits onto the bus. 

[0011] These and various other advantages and features of 
novelty Which characterize the invention are pointed out 
With particularity in the claims annexed hereto and form a 
part hereof. HoWever, for a better understanding of the 
invention, its advantages, and the objects obtained by its use, 
reference should be made to the draWings Which form a 
further part hereof, and to accompanying descriptive matter, 
in Which there are illustrated and described representative 
examples of systems, apparatuses, and methods in accor 
dance With the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention is described in connection With the 
embodiments illustrated in the folloWing diagrams. 

[0013] FIG. 1 is a diagram shoWing a system of nodes 
coupled via a serial bus according to embodiments of the 
present invention; 

[0014] FIG. 2 is a diagram ofa single node coupled to a 
data bus according to embodiments of the present invention; 

[0015] FIG. 3A is a timing diagram illustrating the trans 
mission of a dominant bit on a bus according to embodi 
ments of the present invention; 

[0016] FIG. 3B is a timing diagram illustrating the trans 
mission of a recessive bit on a bus according to embodi 
ments of the present invention; 

[0017] FIG. 4 is a timing diagram illustrating the bit-Wise 
arbitration betWeen a plurality of nodes on a bus according 
to embodiments of the present invention; 

[0018] FIG. 5 is a timing diagram illustrating sloWing of 
the bit rate on a bus by a Bit Master node according to 
embodiments of the present invention; 

[0019] FIG. 6A is a logical block diagram of a node 
according to embodiments of the present invention; 

[0020] FIG. 6B is a simpli?ed block diagram of a trans 
ceiver circuit according to embodiments of the present 
invention; 

[0021] FIG. 7 is a circuit diagram of a transceiver using a 
half Wave recti?er poWer supply according to embodiments 
of the present invention; 

[0022] FIG. 8 is a circuit diagram of a transceiver using a 
full Wave recti?er poWer supply according to embodiments 
of the present invention; 

[0023] FIG. 9 is a circuit diagram of a transceiver using a 
device’s oWn poWer source according to embodiments of the 
present invention; 

[0024] FIG. 10 is a chart of maximum current versus bus 
distance for bus Wiring according to embodiments of the 
present invention; 

[0025] FIG. 11 is a chart of alloWable Wire length versus 
Wire capacitance for bus Wiring according to embodiments 
of the present invention; and 

[0026] FIG. 12 is a state diagram shoWing the operation of 
a Bit Master-Capable node according to embodiments of the 
present invention. 
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DETAILED DESCRIPTION 

[0027] In the folloWing description of various exemplary 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof, and in Which is shoWn by Way 
of illustration various embodiments in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed, as structural and operational changes 
may be made Without departing from the scope of the 
present invention. 

[0028] Generally, the present invention involves commu 
nicating messages betWeen data processing nodes via a 
common data path or bus. The data path is generally a serial 
data bus coupled to each of the nodes. Communications on 
the data path utiliZe non-destructive bitWise arbitration for 
dealing With contention. This arbitration utiliZes dominant 
and recessive states (e.g., voltages) on the common data 
path. 

[0029] In non-destructive arbitration, the state of the com 
mon data path at any given time Will transition betWeen tWo 
complementary states, the dominant and recessive state. 
When at least one node transmits a dominant state and other 
nodes transmit a recessive state, the dominant state Will be 
seen on the data path by all nodes. In the embodiments 
presented herein, the dominant and recessive states are 
represented as “CommLoW” and “CommHigh,” respec 
tively. CommHigh represents a relatively high voltage, and 
“CommLoW”, represents a relatively loW voltage. It Will be 
appreciated that the nodes only need make determinations of 
dominant and recessive states based on the relative higher 
value of CommHigh as compared to CommLoW; the actual 
potential/voltage of CommLoW and CommHigh may 
assume any values useful to the system designer as long as 
the potential difference betWeen CommLoW and CommHigh 
is maintained. 

[0030] During simultaneous transmission of CommHigh 
and CommLoW by different devices, the resulting value 
detected on the data line is CommLoW. Thus, CommLoW is 
said to be the dominant state on the bus. HoWever, those 
skilled in the art Will appreciate that the invention may be 
equally applicable to systems Where higher voltages repre 
sent the dominant state and loWer voltages represent the 
recessive state. 

[0031] The data communication nodes determine the start 
of each bit of the transmitted messages by detecting a 
transition from a ?rst state to a second state on the bus. The 
?rst and second state are complementary, and are selected 
from the recessive and dominant states (e.g., CommHigh 
and CommLoW). For the arrangements illustrated herein, the 
bit-start transitions Will be from the dominant state to the 
recessive state (e.g., from CommLoW to CommHigh). Thus, 
the bus Will be in the dominant state (CommLoW), at least 
just before transmitting a bit. It Will be appreciated that the 
invention may be practiced using an inverse arrangement, 
that is an arrangment Where bit-start transitions are de?ned 
as moving from a recessive state (CommHigh) to a dominant 

state (CommLoW). 

[0032] The transitions that signal the start of each bit can 
be provided by any node on the system, that node being 
referred to as the Bit Master. Generally, the system can 
provide communications for tWo classes of devices: those 
devices that are capable of arbitrating for Bit Master (Bit 
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Master Capable) and those that are not (Bit Master Inca 
pable). The Bit Master may be arbitrarily selected from any 
Bit Master Capable nodes on the bus. The system Will have 
at least one Bit Master Capable device, and that device Will 
assume that there may be other Bit Master Capable devices 
on the bus. Therefore any Bit Master Capable device Will 
include logic that alloWs arbitration for Bit Master. 

[0033] At any time, Bit Master Capable nodes may arbi 
trate to act as Bit Master in order to provide a backup source 
of bit-start transitions or for other bus control purposes (e.g., 
to control the bit rate). As an example of the former, other 
Bit Master Capable nodes on the bus may be con?gured to 
measure the bit-start transitions provided by the Bit Master, 
and to take over as Bit Master if the characteristics of the 
transitions satisfy a predetermined criteria that indicate the 
current Bit Master is inoperative. Usually nodes Will attempt 
to take over as Bit Master if the time interval betWeen 
transitions exceeds a predetermined value. 

[0034] The Bit Master typically transmits the bit-start 
transition at regular intervals, the time betWeen intervals 
corresponding to the period of each bit. The bus state (e.g., 
voltage) is sampled at various times during each of the 
periods, and depending on the state of the bus during those 
samples, the period is interpreted as having produced either 
a ‘recessive (0), or ‘dominant (1)’ bit. During simultaneous 
transmission of a dominant and recessive bit by different 
devices, the resulting value on the data line is a dominant bit. 

[0035] Although the recessive and dominant bits are 
formed by measuring recessive or dominant bus states at 
particular times, a distinction should be draWn betWeen 
dominant and recessive bits and dominant and recessive bus 
states. The dominant and recessive bus states refer to the 
electrical characteristics (e.g., voltage) of the data bus at 
particular time, and may be considered to operate at the 
physical layer of the system. Generally, the dominant and 
recessive behavior occurs due to the design of the trans 
ceiver circuitry of the nodes that are coupled to the data bus. 
The dominant and recessive bits operate at the data link 
layer, and are determined based on multiple samples of bus 
states during each bit period. Those samples may include 
combinations of dominant and recessive bus states for each 
bit type. The dominant and recessive bits are logical states 
used by the data link layer for bit-Wise arbitration of 
message transmissions. 

[0036] When nodes according to the present embodiments 
attempt to assert a recessive state on the bus, the nodes 
attempt to bring the bus to CommHigh voltage level. In 
order to overcome line capacitance, each device on the bus 
includes a Weak pull-up circuit and a strong pull-up circuit 
for asserting CommHigh. The strong pull-up provides a 
major current that is capable of overcoming the line capaci 
tance and pulls the bus line up quickly. The Weak pull-up 
provides a minor current that holds the bus line high once it 
gets there but is not strong enough to hold it high if any other 
device is pulling it loW. All devices continuously use their 
minor current to gently pull the bus line high. 

[0037] All nodes on the system Will attempt to transmit 
either CommLoW or CommHigh on the data bus at any 
given time. Any nodes that are currently transmitting bits 
Will begin transmitting either a dominant or recessive signal 
level at a ?rst predetermined time folloWing the bit start 
transition. Whether dominant or recessive signal levels are 
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sent at this ?rst predetermined time is based on Whether the 
device is attempting to send dominant and recessive bits of 
a message, respectively. At a second predetermined time 
folloWing the transition, all of the nodes Will sample the bus 
to detect Whether the bus is in a dominant or recessive state. 
This detection of a dominant or recessive bus state at the 

second predetermined time results in the detection of respec 
tive dominant and recessive bits. Any nodes that transmitted 
a recessive bit but detected a dominant bit Will cease 

transmission of any further bits of their respective messages. 

[0038] In reference noW to FIG. 1, an arrangement 100 of 
nodes 102, 104, 106, 108 is illustrated according to embodi 
ments of the present invention. The nodes 102, 104, 106, 108 
are coupled to a bus 110. Although four nodes 102, 104, 106, 
108 are illustrated, it Will be appreciated that any number of 
nodes may be coupled in the arrangement depending on 
physical characteristics of the bus 110. For example, Where 
the bus 110 includes one or more electrical conductors, the 
maximum number of nodes may depend on maximum 
alloWable current through the bus, line capacitance, propa 
gation delays, re?ections, etc. The nodes 102, 104, 106, 108 
generally include electrical and data processing character 
istics that alloW intercommunication betWeen entities on the 
bus. The nodes 102, 104, 106, 108 may be con?gured to 
provide functionality of any device knoWn in the art, includ 
ing sensors, controllers, transducers, poWer supplies, com 
puters, sWitches, gateWays, repeaters, converters, bridges, 
etc. 

[0039] The bus 110 may include any knoWn topography, 
including ring, star, daisy chain, linear, stubs, or any com 
bination thereof. The bus 110 may include any combination 
of signal, poWer and ground/retum lines. Generally the 
busses 110 described herein Will be electrical conductors, 
but it Will be appreciated that some or all of the bus concepts 
described herein may be applicable to any common data 
carrier medium, such as ?ber optic and Wireless technolo 
gies. 

[0040] A more particular arrangement of a bus 200 and 
node 202 according to embodiments of the present invention 
is shoWn in FIG. 2. The illustrated bus 200 and node 202 
particularly suited to residential HVAC communications 
systems, such as ENVIRACOM netWorks. The bus 200 
includes R and C lines 204, 206, Which provide 24VAC at 
the poWer line frequency (e.g., 60 HZ). The poWer for the R 
and C lines 204, 206 may be provided by a standard 
residential HVAC transformer. The node 202 may receive its 
poWer from the R and C lines 204, 206, or the node 202 may 
use its oWn source of poWer. The bus also includes a Com 
line 208 (also referred to herein as the “data line” or “data 
bus”), Which is the serial data communications line. All 
information is transmitted and received by nodes 202 
through the Com connection 208. 

[0041] All nodes 202 communicating on the bus 202 may 
have a connection to the R, C, and Com lines 204, 206, 208. 
These three lines 204, 206, 208 may be connected in parallel 
to all nodes 202 in a typical HVAC system. All voltages in 
the nodes 202 and elseWhere in the system are described 
With reference to the C line 206 unless otherWise stated. It 
is assumed that all timing and voltages on the R and C lines 
204, 206 lines are sinusoidal, although in practice, saturation 
of the transformer core Will usually result in a distorted 
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sinusoid. The timing and voltages may be speci?ed so that 
correct transmission and reception Will occur even When 
core saturation occurs. 

[0042] The nodes 202 typically have at least three circuitry 
components: a transceiver 210, a processor 212, and appli 
cation circuitry 214. It Will be appreciated that these cir 
cuitry components 210, 212, 214 are de?ned for purposes of 
explanation; the nodes 202 may include additional or dif 
ferent functional delineations than illustrated in FIG. 2. The 
transceiver 210 provides bus interface circuitry that, among 
other things, provides an indicator to the processor 212 of 
Whether the data line 208 is currently reading a dominant or 
recessive state. The transceiver 210 may also provide the 
ability to set the data line 208 to a dominant or recessive 
state. The interface betWeen the transceiver 210 and proces 
sor 212 Will include at least tWo signal paths: one path used 
by the processor 212 to transmit onto the bus, and the other 
path indicating What the actual value detected on the bus. In 
order for the transceiver 210 and processor 212 to detect 
collisions during transmission, these tWo paths may have 
separate states/potentials at any given time. 

[0043] The processor 212 may also provide higher level 
functions needed to communicate on the bus 210. These 
functions may include the ability to read, assemble and 
queue messages, handle bitWise arbitration, handle Bit Mas 
ter arbitration, and deal With timing issues required for bus 
communications. The processor 212 generally interfaces 
With some form of memory, such as ?rmWare, read-only 
memory (ROM), and random access memory (RAM). The 
memory stores instructions that alloW the processor 212 to 
carry out its functions. The processor 212 also typically 
includes input-output interfaces for communicating With 
other node circuitry, such as the transceiver 210 and the 
application circuitry 214. 

[0044] The application circuitry 214 may include electri 
cal and mechanical components that alloW each node 202 
carry out its particular function. For example, if the node 202 
is a temperature sensor, the application circuitry may include 
a thermocouple or thermistor, signal conditioning circuitry, 
and interface circuitry for communicating With the processor 
212. The application circuitry 214 may include a specialiZed 
set of messages that deal With the node’s functioning. The 
application circuitry 214 may have logic and/or memory for 
storing and using those messages, or that functionality may 
be provided as part of the processor 212. For example, the 
processor 212 may include a slot for a programmable ROM 
(PROM) that includes custom functionality associated With 
the application circuitry 214. 

[0045] A system designer can readily assemble functional 
arrangements by choosing node devices 202 that include the 
appropriate application circuitry 214. The nodes 202 are 
capable of communicating via a generic set of protocols over 
the common bus 200. The ability for nodes 202 to easily 
intercommunicate over the bus 200 provides systems 
designers With ?exibility in choosing components. A logical 
vieW of the communications protocol stack 216 is also 
shoWn in FIG. 2. 

[0046] Three layers de?ne the illustrated protocol stack 
216: the physical layer 218, the data link layer 220, and the 
application layer 222. The scope of the physical layer 218 is 
the transfer of bits betWeen the different nodes 202 With 
respect to all electrical properties, as Well as the bit timing 
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and synchronization speci?cations. The data link layer 220 
de?nes the transfer packet protocol. The application layer 
222 de?nes hoW the messages received through the physical 
layer 218 and data link layer 220 are used in the ?nal 
application. 
[0047] Embodiments of the data link layer 220 are 
described in commonly-owned U.S. patent application Ser. 
No. 09/777,632 (hereinafter the ’632 application) ?led on 
Feb. 6, 2001 and entitled “High Level Message Priority 
Assignment By A Plurality Of Message-Sending Nodes 
Sharing A Signal Bus.” The physical layer described in the 
’632 application utiliZed a sync generator that Was synchro 
niZed to AC poWer. In particular, a Zero crossing of the AC 
poWer signal signaled the beginning of each bit. The bit 
encoding described in the ’632 application Was Non-Retum 
to Zero (NRZ), Wherein bit values are determined based on 
the bus value over the entire bit period. The physical layer 
218 according to embodiments of the present invention 
utiliZes a different approach. 

[0048] The physical layer 218 of the present invention 
generally utiliZes a sync signal sent onto the data line 208 for 
each message bit. The synch signal is provided by an 
arbitrary node 202, also referred to as the Bit Master. Any 
node 202 coupled to the bus may act as the Bit Master. 
Further, any node 202 may assume the role of Bit Master, 
such as if the current Bit Master fails to respond in suf?cient 
time. The use of an arbitrated Bit Master alloWs the system 
to realiZe data rates up to approximately 1K bits per second, 
as opposed to 120 bits per second for a system synched to 
60 HZ AC poWer. By implementing a physical layer 218 as 
described herein, up to 32 nodes may be connected in a 
system over a path of up to 1000 feet using 18-22 gauge 
untWisted standard thermostat Wire, Without using any bus 
terminators. 

[0049] An example of bit encoding on the serial data bus 
according to embodiments of the present invention is shoWn 
in FIG. 3A. FIG. 3A shoWs an example Waveform 300 for 
encoding a single bit, in particular a dominant bit. In this 
implementation, a dominant bit represents a logical one, and 
a recessive bit represents a logical Zero. The Waveform 300 
alloWs encoding data at a maximum baud rate of approxi 
mately 1 K bits per second. 

[0050] The Waveform 300 is subdivided into four periods 
302, 304, 306, and 308. If the period of the Waveform 300 
is at or near the minimum time value (and thus the maximum 
bit-rate) that the system is designed to support, the four 
periods 302, 304, 306, and 308 are of substantially similar 
duration. At loWer bit-rates, the fourth period 308 may be 
much larger than the others. The minimum time required to 
transmit a single bit is shoWn as tbit 310. Although ideally the 
Waveform 300 Will have a period near tbit, the system may 
still operate at bit periods that are much larger than tbit. For 
example, the bit-rate may be sloWed doWn to ensure back 
Wards compatibility With sloWer devices. 

[0051] There are tWo complementary values or states that 
the data line can take on, “CommHigh”312, representing a 
relatively high voltage, and “CommLoW”314, representing a 
relatively loW voltage. During simultaneous transmission of 
CommHigh 312 and CommLoW 314 on the data line by 
different devices, the resulting value on the data line is 
CommLoW 314. Therefore, CommLoW 314 is the dominant 
state, and CommHigh 312 is recessive state. 
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[0052] The waveform 300 in FIG. 3A encodes a dominant 
(one) bit. Arecessive bit waveform 301 is shown in FIG. 3B. 
During simultaneous transmission of a dominant and reces 
sive bit by different devices, the resulting value registered at 
the data link layer by all devices is a dominant bit. The state 
of the data line detected during period 306 determines 
whether a dominant or recessive bit is detected. There is no 
gap required between bits. 

[0053] Of all the nodes connected to the data line, an 
arbitrary node is automatically chosen as the Bit Master. The 
Bit Master generates the transition 316 that designates the 
start of a bit to all non-Bit Masters, thereby synchronizing 
the bit timing for all other devices. In the illustrated wave 
forms 300, 301, the transition 316 appears as a positive edge. 
The transition 316 is created by the Bit Master using its 
major pull-up current to assert CommHigh 312 on the Com 
line. Thus, during the transition 316, the Com line goes from 
a dominant signal state (e.g., CommLow 314) to a recessive 
signal state (e. g., CommHigh 312). The term “positive edge” 
may also be used herein to refer to the transition 316. 

[0054] The transition 316 preferably occurs within a pre 
de?ned minimum rise time 318. In this example, the mini 
mum rise time is 25 microseconds, and is established to 
prevent the transmission of radio frequency interference on 
the Com line. The rise time 318 must not exceed a maximum 
value either, as the devices must detect the assertion of 
CommHigh in a prede?ned window (e.g., for the time 
Tman 317) within the ?rst period 302. For similar reasons, a 
fall time 319 is used to de?ne an acceptable range of values 
for negative edges occurring within the waveforms 300, 301. 

[0055] In order to account for line noise, nodes will need 
to ?lter both positive and negative edges when attempting to 
detect waveforms such as 300, 301. In one example, positive 
and negative edges can be ?ltered by continuously sampling 
the line at close intervals to ensure detected transitions are 
not anomalous. In the present examples, ?ltering involves 
continuously sampling the line with no more than 3 uSec 
between samples until either 15 uSec of the same consecu 
tive value occurs or 30 uSec occurs. The last sampled value 
indicates be the ?ltered state of the line. If the ?ltered state 
does not change value, the edge can be ignored. 

[0056] At the start of the second period 304, any device 
sending a dominant bit pulls the Com line low, as is shown 
in FIG. 3A. Otherwise, devices transmitting a recessive bit 
let the line stay high in period 302 as shown in FIG. 3B. 
Each device receives the dominant/recessive state of the bit 
by detecting the state of the Com line at the start of the third 
period 306, as indicated by time tP3Start 320. A value of 
CommLow detected at tP3Start 320 indicates a dominant bit 
(logical 1) as shown in FIG. 3A, while a high value indicates 
a recessive bit (logical 0) as shown in FIG. 3B. 

[0057] When the Bit Master sees a dominant state at the 
start of the third period 306 (i.e., tP3Start 320), the Bit Master 
pulls the line low even if it is trying to send a recessive bit. 
At the beginning of the fourth period 308 (i.e., at time tP4Start 
322), all devices except for the Bit Master release the line 
without using their major pull-up current. If the Bit Master 
isn’t already pulling the line low (because all devices are 
sending a recessive bit), it pulls the line low at tP4Start 322. 
If a dominant bit was sent, the Bit Master continues to hold 
the line low through the fourth period 308. At the end of the 
bit, only the Bit Master is pulling the line low and will not 
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have interference from other devices when it uses its major 
pull-up current at the start of the next bit. 

[0058] Tables 1 and 2 below illustrates example values for 
the physical layer according to embodiments that are suit 
able for HVAC applications. 

TABLE 1 

Voltage and Current Values 

Parameter Description Min Max Units 

Instantaneous voltage 12.9 18.0 Volts 
at the unconnected 
Comm terminal when 
sending the CommHigh 
state, transformer 
voltage >=20 VAC 
If rated for lower 11.54 18.0 Volts 
than 20 VAC transformer 
voltage, instantaneous 
voltage at the uncon 
nected Comm terminal 
when sending the 
CommHigh state, trans 
former voltage <20 VAC 
Instantaneous voltage 0.00 3.00 Volts 
at the Com terminal 
with an external 66 mA 
flowing into the Comm 
terminal when sending 
the CommLow state 
Instantaneous voltage 9.40 42 Volts 
at the Com terminal 
that will be detected 
as the CommHigh state 
Instantaneous voltage —42 6.50 Volts 
at the Com terminal 
that will be detected 
as the CommLow state 

Instantaneous current 0.90 
out of the Com 
terminal when the 
Com voltage = 0 V, 
with only the minor 
pull-up current enabled 
Instantaneous current 0.81 
out of the Com terminal 
when the Com voltage = 

VCommI-Iigh 

VCommI-Iigh 

VCommLoW 

VCommHighRx 

VCommLoWRx 

rCommLoW 2.10 mA 

rCommLoW 2.10 mA 

VCommI-Iigh min, 
with only the minor 
pull-up current enabled 
Instantaneous current out 177 mA 
of the Com terminal when 
the Comm voltage = 0 
with the major pull up 
current enabled (Bit 

ICommPullup 

Master only) 

[0059] 

TABLE 2 

Timing Values 

Parameter Description Min Max Units 

thin“,e Average time between 0.925 1.075 mSec 
creating positive 
edges by the Bit 
Master 

tb“ Time between any 0.875 1.125 mSec 
two consecutive 
positive edges 
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TABLE 2-continued 

Timing Values 

Parameter Description Min Max Units 

created by the 
Bit Master 

tR;Se Time from the start 25 50 uSec 
of a positive edge 
until reaching 
VCommI-Iigh min 
(Bit Master only) 
(line capacitance = 
0 to .068 uF on each 

line) 
tF,ll Time from the start 15 40 uSec 

of a negative edge 
until reaching 
VCommLoW max 
(line capacitance = 
0 to .068 uF on each 

line) 
Time from the start 136.9 209.1 uSec 
of a positive edge 
to the start of a 

falling edge when 
sending a dominant 
bit (Bit Master only) 
Time from receiving 99.9 166.1 uSec 
a ?ltered positive 
edge to the start of 
a falling edge when 
sending a dominant 
bit (non Bit Master 
only) 
Time from the start 414.4 561.6 uSec 
of a positive edge 
to the time the 
state of the bit is 
determined (Bit 
Master only). 
Time from receiving 377.4 518.6 uSec 
a ?ltered positive 
edge to the time the 
state of the bit is 
determined (non Bit 
Master only). 
Time from the start 414.4 561.6 uSec 
of a positive edge to 
the start of pulling 
the Comm line low when 
a dominant bit is 
received (Bit Master 
only) 
Time from the start 691.9 884.1 uSec 
of a positive edge to 
the start of the Comm 
line pulled low when 
sending a recessive 
bit and a recessive bit 
is received (Bit Master 
only) 
Time from receiving a 614.2 793.8 uSec 
positive edge to 
releasing the Comm 
line when sending a 
dominant bit (non Bit 
Master only) 
Time without detecting 10.0 30.0 mSec 

a VCommLoW 
state before becoming 
the Bit Master 

tPZStan 

tPZStan 

tPBStan 

tP3Stan 

tRe GLOW 

tP4Stan 

tP4Stan 

tBitMasterTirneout 

[0060] An example of bitwise arbitration according to 
embodiments of the present invention is shown in FIG. 4. In 
FIG. 4, three nodes 402, 404, and 406 are attempting to 
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transmit a message onto the bus 408. The signals represented 
for the nodes 402, 404, 406 are those attempted to be 
transmitted by the respective nodes 402, 404, 406, while the 
signal for the data line/bus 408 is what all of the nodes 402, 
404, 406 actually sense on the bus. Node 404 has arbitrarily 
been assigned as Bit Master, however any of the nodes 402, 
404, 406 may assume the role of Bit Master under the proper 
circumstances. 

[0061] At time 410, the Bit Master node 404 begins 
asserting a strong pull-up from CommLow to CommHigh. 
The other nodes 402, 408 detect this transition, and at a 
prede?ned time after the transition, the nodes 402, 408 will 
assert a CommLow if sending a dominant bit (one). All 
nodes in time period 412 are sending a dominant bit, 
therefore all nodes will send dominant signals at least until 
time 414 (which corresponds to tP3Start in TABLE 2 for this 
bit). At time 415 (which corresponds to tP4Start in TABLE 2) 
the non Bit Master nodes 402, 406 stop pulling the Com line 
low. The Bit Master node 404 continues to hold the line low 
until the beginning of the next bit, which is transmitted in 
time period 416. 

[0062] During time period 416, nodes 402 and 404 are 
transmitting a dominant bit (one), while node 406 is trans 
mitting a recessive bit (Zero). At time 418, node 406 is 
transmitting a recessive ConmuHigh state (corresponding to 
a recessive bit), but detects a dominant CommLow state on 
the bus 408. Therefore, node 406 has lost arbitration, as 
indicated by the dashed portion 419 of the node’s signal. 
Once having lost arbitration, node 406 will continue to listen 
to the bus, but will simply transmit the recessive CommHigh 
state using the minor pull-up current. 

[0063] During the next time period 420, node 404 is 
transmitting a recessive bit (Zero) and node 402 is transmit 
ting a dominant bit (one). At time 422, node 404 is trans 
mitting CommHigh, but detects CommLow on the bus 408, 
thus node 404 has lost arbitration at time 422, as indicated 
by dashed portion 423. Thereafter, node 402 is the only 
remaining transmitting node and will ?nish transmitting its 
message until completion (or until an error has been 

detected). 
[0064] Even though node 404 has lost arbitration, node 
404 is still Bit Master. Therefore, node 404 will still control 
the start time of each bit using a positive edge such as the 
transition 424. Also, the Bit Master node 404 will continue 
to pull the line low at the start of the third period even if Bit 
Master 404 is sending recessive bits and/or loses arbitration. 
This is indicated by the negative edge 426 being send by the 
Bit Master Bit Master 404. 

[0065] Normally, the Bit Master node 404 will repeatedly 
send out the transition at an average minimum allowable 
time required to send one bit, such as time periods 412, 416, 
and 420. However, it will be appreciated that this period 
represents a lower limit on time between transitions, not an 
upper limit. The Bit Master node 404 may be enabled to 
increase the time between transitions, thus lowering the 
effective bit rate transmitted on the bus 408. 

[0066] To maintain the maximum data transfer rate, the Bit 
Master node 404 will generally keep the time between 
transitions at or near the minimum possible value that for 
which the system is designed, e.g., tbit as de?ned in TABLE 
2. However, there may be situations when the Bit Master 
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node 404 may Want to sloW doWn the bit rate of the data bus 
408. For example, the bit rate may be slowed doWn by a 
bridging device that connects the illustrated bus arrangement 
With legacy devices that communicate at a lower bit rate. 
Other advantages may provided by using a variable-rate Bit 
Master, such as being able to transmit at a loWer frequency 
to reduce error rates, reduce electromagnetic emissions, 
reduce the effects of interfering transmissions that operate at 
the normal bit transmission frequency, etc. 

[0067] An example of a Bit Master using a loWered bit 
transmission frequency according to embodiments of the 
present invention is shoWn in FIG. 5. Three nodes 502, 504, 
and 506 are coupled to a bus 508. Node 502 is the Bit 
Master, and only node 504 is actively transmitting bits. At 
time 510, Bit Master node 502 asserts a transition 512 that 
indicates the start of a bit. Normally, the nodes 502, 504, and 
506 Would only need the indicated time period 514 in order 
to read the bit. HoWever, after pulling the line loW after bit 
detection (e.g., negative edge 518), the Bit Master node 502 
delays asserting a transition onto the bus until time 516, after 
Which time node 504 continues transmitting the next bit. 

[0068] The effective bit rate as shoWn in FIG. 5 can be 
measured by determining the difference betWeen transition 
times 510 and 516. The Bit Master node 502 can set this to 
a constant bit rate, or vary the bit rate as appropriate. 
Generally, nodes on the system Will measure a timeout value 
from the last transition. Based on these measurements, node 
devices can detect When they are operating in the sloWer 
extended bit mode, or faster standard bit mode. This detec 
tion may also involve indicating the current mode to an 
upper communication layer When the duration betWeen the 
most recent transition and the next most recent transition is 
a standard bit or an extended bit. The purpose of this 
requirement is to alloW the data link layer to determine 
Whether a bridge (or other device) is sloWing the baud rate. 

[0069] If the nodes measure a timeout betWeen transitions 
that exceeds a predetermined value, then it may be assumed 
the current Bit Master is not responding, and another node 
Will take over. In the example values of TABLE 2, this 
timeout value is denoted as tBitMasterTimeout. In general, a Bit 
Master Capable node that is not currently acting as Bit 
Master Will attempt to assert itself as Bit Master and 
generate a transition (e.g., positive edge) if a transition does 
not occur Within tBitMaSterTimeOut of the last transition. 

[0070] Node devices according to the present invention 
may be formed using any combination of hardWare and 
softWare components. A logical vieW of a node 601 accord 
ing to embodiments of the present invention is shoWn in 
FIG. 6A. Generally, the node 601 contains a transceiver 603 
that alloWs the node 601 to be electrically coupled to the data 
bus. The transceiver 603 is contains circuitry that alloWs 
electrical characteristics of the bus (e.g., voltages) to be 
abstracted as dominant and recessive states for inputs to 
logic circuitry. Three data link logical components are 
illustrated, a bit master module 605, and sync module 607, 
and a message module 609. 

[0071] The sync module 607 is generally con?gured to 
detect bit start transitions that are transmitted on the bus. The 
sync module 607 may perform functions such as sampling 
and ?ltering of signals received via the transceiver 603 in 
order to provide a de?nitive yes/ no determination of Whether 
a transition has occurred. The bit master module 607 con 
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tains the logic needed for bit master arbitration. The bit 
master module 605 generally uses the sync module 607 to 
determine Whether the node 601 should assume or relinquish 
bit master. For example, the bit master module 607 may 
measure an elapsed time from the last transition transmitted 
onto the bus, and begin transmitting the transitions via the 
transceiver 603 if the elapsed time exceeds a predetermined 
value. 

[0072] The message module 609 includes the logic needed 
to send and receive bits transmitted onto the bus via the 
transceiver 603. The message module 609 may both transmit 
onto the bus and detect states of the bus at predetermined 
times after transitions that are detected via the synch module 
607. The message module 609 may include the ability to 
assemble bits into complete messages, or the message mod 
ule 609 may simply hand off the bits to a higher level 
functional module, as represented by the application module 
611. The message module 609 and/or application module 
611 may also start and stop the transmission of messages 
based on Whether a message start pattern is detected, 
Whether the node 601 is transmitting and has detected a 
collision, etc. 

[0073] The message module 609 and/or sync module 607 
may also detect bus states and errors and signal these states 
and errors to the application module 611. For example, the 
message and/or sync modules 609, 607 may measure times 
betWeen successive transitions onto the bus in order to detect 
Whether a bit master device has sloWed the effective bit rate. 
If the bit rate satis?es a threshold value, this can be signaled 
to the application module 611 so that the application module 
611 knoWs it is operating in extended bit mode. 

[0074] In reference noW to FIG. 6B, a block diagram is 
illustrated of an example transceiver 600 according to 
embodiments of the invention. The transceiver is electrically 
coupled to the system bus via bus interface 602. The 
illustrated bus interface 602 interfaces With poWer and data 
lines as described in relation to FIG. 2. The transceiver 600 
provides conditioning of electrical signals and poWer for a 
microprocessor 604. 

[0075] The microprocessor 604 may be any general-pur 
pose digital processor knoWn in the art. More particularly, 
the embodiments described herein are adapted for a CMOS 
microprocessor. The Vcc line 606 is the supply voltage for 
the microprocessor 604, and the ground line 608 is a 
common signal return line. The microprocessor 604 inter 
faces With the transceiver 600 via three digital data lines, 
receive 610, transmit 612, and pull-up 614. Receive 610 is 
a digital input pin on the microprocessor 604. Transmit 612 
and pull-up 614 are digital output pins on the microproces 
sor 604. 

[0076] The transceiver 600 is shoWn divided into ?ve 
different functional components: circuit protection 616, 
Weak pull-up 618, strong pull-up 620, edge rounding 622, 
and receive circuitry 624. The circuit protection 616 pro 
vides protection for electrical components of the transceiver 
600 and microprocessor 604 in the event of such conditions 
as overvoltages and misWiring. The Weak pull-up 618 pro 
vides the ability to assert a Weak CommHigh signal on the 
bus When asserting a recessive state. The strong pull-up 620 
provides the stronger current used by Bit Masters When 
asserting the bit start transition, and is activated via the 
pull-up line 614 from the microprocessor 604. The edge 
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rounding 622 provides conditioning on positive and nega 
tive edges generated by the transceiver 600 in order to 
reduce line noise. The receive circuitry 624 determines the 
actual state of the bus data line. This state is communicated 
to the microprocessor 604 via the receive line 610, and this 
state may be a different than that state Which is concurrently 
attempted to be transmitted by the microprocessor 604 via 
the transmit line 612. 

[0077] In the following sections, example embodiments of 
transceiver circuits are described that meet the speci?cations 
set forth in the body of this document, at a supply voltage at 
the device terminals from 18 to 30VAC over —40 to 85 C 
temperature range. Circuits are designed to interface With a 
CMOS microprocessor With Vcc=4.5 to 5.5V via a three 
Wire bus as described in relation to FIG. 2. Maximum input 
leakage current is +/—1.0 uAmp. The folloWing are typical 
microprocessor resources that Would be needed to imple 
ment node devices as described herein: 

[0078] TWo digital outputs 

[0079] One digital input With external interrupt on posi 
tive and negative edge 

[0080] Dedicated timer interrupt that can be pro 
grammed for 108, 148, 252, 256, and 300 uSec dura 
tion+/—7.5%. 

[0081] Each of above tWo interrupts can be delayed max 
of 50 uSec 

[0082] Clock speeds typically 4-8 mHZ 

[0083] Application layer softWare typically is polled as 
often as possible but at least every 25 mSec. 

[0084] ENVIRACOM code siZe typically betWeen 1.5K 
and 10 K bytes depending on the number and com 
plexity of messaging, and the microprocessor used. 

[0085] An LED status indicator 

[0086] Percent processing usage dependant on number 
and complexity of messaging; usually less than 25%. 

[0087] A more detailed example of a transceiver circuit 
700 according to embodiments of the invention is illustrated 
in FIG. 7. The illustrated transceiver circuit 700 meets the 
speci?cations set forth herein, at a supply voltage at the 
device terminals from 18 to 30VAC. Generally, a 24VAC 
system transformer is connected to the R 702 and C 704 
terminal of the transceiver 700. Earth grounding, if desired, 
should be made at the C side of the transformer. Diodes 7D3 
and 7C3 comprise a half Wave unregulated DC source from 
Which the device’s poWer supply can get its source poWer. 
Capacitor 7C3 should be siZed so that its loWest voltage does 
not go beloW 8.53 volts beloW the peak transformer voltage 
at 20VAC, and if rated that loW, does not go beloW 6.8 volts 
beloW the peak transformer voltage at 18VAC. 

[0088] Components 7Q1 and 7D8 limit the voltage at the 
data terminal to approximately 17 VDC for the rest of the 
circuit. This limits the transient voltage induced onto the 
transformer voltage through the Wire capacitance each time 
the data line is pulled high or loW, and also limits the poWer 
dissipation in the pull-up circuitry. Diode 7D1 protects 7Q1 
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from reverse voltages in the case of misWire. Diode 7D2 is 
used in order to provide sufficient base current in 7Q1 When 
the major pull-up circuit is enabled. 

[0089] The Vcc terminal 706 is the supply voltage for the 
device’s microprocessor. Receive 708 is a digital input pin 
on the device’s microprocessor. Transmit 710 and Pullup 
712 are digital output pins on the device’s microprocessor. 
The microprocessor causes a loW voltage on the Data 
terminal 714 by putting a high voltage on Transmit, turning 
on 7Q5, Which causes 7C4 to discharge through 7R15. 7Q4 
and 7Q6 form a voltage folloWer that pulls the data line loW 
as 7C4 discharges. When a loW voltage is applied to Trans 
mit, 7Q5 turns off, Which alloWs 7C4 to charge through 7R7 
and 7R15. 7Q4 and 7Q6 alloW the line to go high as 7C4 
charges. This produces a rounded edge on both the high and 
loW data transmissions, Which reduces interference on the 
AM radio band and also reduces induced transients through 
the Wire capacitance back to the transformer. 7R20 dissi 
pates the leakage current after a reset When the micropro 
cessor l/O pin is defaulted to an input. 7R12 protects 7Q4 in 
the case Where the Data is shorted to transformer R. 7D9, 
7D11, and 7R17 limit the current through 7Q6 in this same 
case by acting as a current source. Once the softWare turns 

7Q6 on, it Will detect the misWire condition Within 250 uSec 
and turn 7Q6 off. 7Q6 and 7R17 should be able to Withstand 
this high current condition for this length of time. 

[0090] The Data line 714 is pulled high by the current 
source consisting of 7Q3, 7R5, 7R6, and 7R11. This current 
source provides betWeen 1.0 and 2.1 mA. The current source 
is used instead of a pull-up resistor because, When connected 
to long lengths of Wire, the Wire capacitance couples voltage 
from R 702 to Data 714 (RC voltage). A pull-up resistor 
Would need to be so small to overcome this When the RC 
voltage is small that it Would alloW too much current When 
the RC voltage is large. 

[0091] Diode 7D4 protects the pullup circuitry When the 
Data line 714 is shorted to the transformer R line 702. When 
connected to long lengths of Wire, the Wire capacitance does 
not alloW the current source to pull the Data line 714 high 
fast enough, requiring a short high current pull-up, provided 
by 7Q2, 7Q8, and 7R1, 7R2, and 7R3. When Pullup 712 
goes high, 7Q8 turns on, Which turns on 7Q2 providing a 
high current through 7R3 to the data line. This extra pullup 
is typically only needed for 100 uSec, and such timing may 
be provided by 7C1 and 7R10. 

[0092] Components 7Q7, 7R8, 7R13, 7R16, 7R18, and 
7R21 alloW the microprocessor to determine the state of the 
data terminal. When the Data line 714 is high, 7Q7 turns on 
and Receive 708 Will be read as high. When the Data line 
714 is loW, 7Q7 turns off and Receive 708 Will be read as 
loW. Diode 7D10 protects the receive circuit When the Data 
line 714 is shorted to the transfomer R line 702. Diode 7D7 
protects the microprocessor by clamping the input voltage to 
Vcc, hoWever may not be needed if the microprocessor 
already has built in protection. Capacitor 7C2 is needed only 
to provide noise immunity. Varistors 7X1 and 7X2 protect 
the circuit from lightning and ESD transients. An example 
parts list for the circuit of FIG. 7 is shoWn beloW in TABLE 
3. 
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TABLE 3 

Example Parts List For Circuit of FIG. 7 
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TABLE 4 

Example Parts List For Circuit of FIG. 8 

Not Needed Not Needed 
for Bit for Bit 

Ref Master Ref Master 
Designator Part Description Incapable Designator Part Description Incapable 

7C1 .01 uF capacitor X 8C1 .01 uF capacitor 
7C2 .001 uF capacitor 8C2 22 uF Electrolytic 
7C3 22 uF if not supplying Electrolytic capacitor, 50 V 

power to the device. capacitor, 50 V 8C3 .001 uF capacitor X 
Otherwise sized for 8C4 .001 uF capacitor 
8.53 volts below 8D1 1N4148 diode 
peak transformer 8D2 S1G diode 
voltage at 20 VAC 8D3 S1G diode 
and 6.8 V or less 8D4 1N4148 diode 
below peak trans- 8D4 1N4148 diode 
former voltage at 8D6 BZX84C18 18 V Zener diode 
18 VRMS 8D7 1N4148 diode 

7C4 .001 uF capacitor 8D8 1N4148 diode 
7D1 1N4148 diode 8D27 1N4148 diode 
7D2 1N4148 diode 8D32 BZX84C6V2 6.2 V Zener diode 
7D3 SlG diode 8D9 1N4148 diode 
7D4 1N4148 diode 8Q2 MMBTAO6 NPN transistor 
7D5 SlG diode 8Q1 MMBTA56 PNP transistor X 
7D6 1N4148 diode 8Q3 MMBTA56 PNP transistor 
7D7 1N4148 diode 8Q4 MMBTA56 PNP transistor 
7D8 BZX84C18 18 V Zener diode 8Q5 MMBTA06 NPN transistor 
7D9 1N4148 diode 8Q6 MMBTAO6 NPN transistor 
7D10 1N4148 diode 8Q7 MMBTA56 PNP transistor 
7D11 1N4148 diode 8Q8 MMBTAO6 NPN transistor X 
7Q1 MMBTAO6 NPN transistor 8Q9 MMBTA56 PNP transistor X 
7Q2 MMBTA56 PNP transistor X 8R3 100K ohm, 1%, 1/in W resistor X 
7Q3 MMBTA56 PNP transistor 8R28 100K ohm, 1%, 1/in W resistor 
7Q4 MMBTA56 PNP transistor 8R5 2.00K ohm, 1%, 1/in W resistor X 
7Q5 MMBTA06 NPN transistor 8R6 100 ohm 1% ‘A: W resistor X 
7Q6 MMBTA06 NPN transistor 8R7 5.11K ohm, 1%, ‘A: W resistor 
7Q7 MMBTA56 PNP transistor 8R13 10.0K ohm, 1%, 1A: W resistor 
7Q8 MMBTA06 NPN transistor X 8R8 619 ohm, 1%, 1/in W resistor 
7R1 100K ohm, 1%, 1/in W resistor X 8R9 5.11K ohm, 1%, 1/in W resistor 
7R2 2.00K ohm, 1%, 1/in W resistor X 8R19 10.0K ohm, 1%, 1/in W resistor 
7R3 100 ohm, 1%, 1A: W resistor X 8R21 10.0K ohm, 1%, 1/in W resistor 
7R4 5.11K ohm, 1%, ‘A: W resistor 8R11 10.0K ohm, 1%, 1/in W resistor 
7R5 619 ohm, 1%, 1/in W resistor 8R20 10.0K ohm, 1%, 1/in W resistor 
7R6 5.11K ohm, 1%, 1/in W resistor 8R16 51.1K ohm, 1%, 1/in W resistor 
7R7 10.0K ohm, 1%, 1/in W resistor 8R17 100 ohm, 1%, 1%: W resistor 
7R8 10.0K ohm, 1%, ‘A: W resistor 8R22 2.00 ohm, 1%, ‘A: W resistor 
7R9 10.0K ohm, 1%, 1/in W resistor 8X1 V68MLA1206 varistor 
7R10 5.11K ohm, 1%, 1/in W resistor X 8X2 V68MLA1206 varistor 
7R11 51.1K ohm, 1%, 1/in W resistor 8X3 V68MLA1206 varistor 
7R12 100 ohm, 1%, ‘A: W resistor 
7R13 100K ohm, 1%, 1/in W resistor 
7R14 10.0K ohm, 1%, 1/in W resistor 
7R15 10.0K ohm, 1%, 1/10 W resistor [0094] A two-wire transceiver can be used when the 
7R16 31-6K Ohm, 1%> 14‘ W msistor device supplies its own power rather than getting it from the 
7R17 2.00 ohm, 1%, ‘A: W resistor - - 
7M8 100K 0 . system transformer. An example two-w1re transceiver 900 

ohm, 1A), 1/in W resistor _ _ _ _ _ _ 

7R19 100K Ohm, 1%, V“, W msistor X accordrng to embodiments of the 1nvent1on1s shown in FIG. 
7R20 100K ohm, 1%, 1/10 W resistor 9. The circuit and component values are very similar to the 
7R21 100K Ohm, 1% V1" W msilstor example transceiver with half wave power supply described 

xgg?ii?gg above in relation to FIG. 7, except that the device provides 
7X3 V68MLA1206 varistor V+ (at line 902) in the range of 15.5 to 42 VDC. An example 

[0093] In reference now to FIG. 8, a transceiver circuit 
800 is illustrated with a full wave power supply according to 
embodiments of the present invention. The circuit 700 is 
similar to the half wave circuit 700 shown in FIG. 7, 
however level shifting circuitry is added to reference the 
microprocessor signals to the full wave bridge. TABLE 4 
below is an example parts list for the circuit 800 illustrated 
in FIG. 8. 

parts list for the circuit 900 shown below in TABLE 5. 

TABLE 5 

Example Parts List For Circuit of FIG. 9 

Not Needed 
for Bit Master 

Designator Part Description Incapable 

9C1 .01 uF capacitor X 
9C2 .001 uF capacitor 
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TABLE 5-continued 

Example Parts List For Circuit of FIG. 9 

Not Needed 
for Bit Master 

Designator Part Description Incapable 

9D1 1N4148 diode 
9D2 1N4148 diode 
9D4 1N4148 diode 
9D5 S1G diode 
9D6 1N4148 diode 
9D7 1N4148 diode 
9D8 BZX84C18 18 V zener diode 
9D9 1N4148 diode 
9D10 1N4148 diode 
9D11 1N4148 diode 
9Q1 MMBTA06 NPN transistor 
9Q2 MMBTA56 PNP transistor X 
9Q3 MMBTA56 PNP transistor 
9Q4 MMBTA56 PNP transistor 
9Q5 MMBTA06 NPN transistor 
9Q6 MMBTA06 NPN transistor 
9Q7 MMBTA56 PNP transistor 
9Q8 MMBTA06 NPN transistor X 
9R1 100K ohrn, 1%, 1/in W resistor X 
9R2 2.00K ohrn, 1%, 1/in W resistor X 
9R3 100 ohm, 1%, 1%: W resistor X 
9R4 5.11K ohrn, 1%, ‘A: W resistor 
9R5 619 ohm, 1%, 1/in W resistor 
9R6 5.11K ohrn, 1%, 1/in W resistor 
9R7 10.0K ohrn, 1%, 1/in W resistor 
9R8 10.0K ohrn, 1%, ‘A: W resistor 
9R9 10.0K ohrn, 1%, 1/in W resistor 
9R10 5.11K ohrn, 1%, 1/in W resistor X 
9R11 51.1K ohrn, 1%, 1/in W resistor 
9R12 100 ohm, 1%, M: W resistor 
9R13 100K ohrn, 1%, 1/in W resistor 
9R14 10.0K ohrn, 1%, 1/in W resistor 
9R15 10.0K ohrn, 1%, 1/in W resistor 
9R16 31.6K ohrn, 1%, ‘A: W resistor 
9R17 2.00 ohrn, 1%, ‘A: W resistor 
9R18 100K ohrn, 1%, 1/in W resistor 
9R19 100K ohrn, 1%, 1/in W resistor X 
9R20 100K ohrn, 1%, 1/in W resistor 
9R21 100K ohrn, 1%, 1/in W resistor 
9X1 V68MLA1206 varistor 
9X2 V68MLA1206 varistor 
9X3 V68MLA1206 varistor 

[0095] A system of multiple nodes may utilize any com 
bination of devices using half-wave and full-wave transceiv 
ers as shown in FIGS. 7-9, or any other arrangement known 
in the art. For example, some devices may not need to draw 
power from the transformer, therefore those device would 
only be connected between the Com/Data and C lines of the 
bus. Devices that draw signi?cant loads generally should be 
star wired from the system transformer. The maximum 
allowed distance from the transformer is dependent on the 
load and wire size. FIG. 10 shows an example distance vs. 
peak instantaneous load current for various wire sizes 
according to embodiments of the present invention. 

[0096] Bus wiring in a system according to the present 
invention has a free form topology. Wiring may be star, daisy 
chain, stubs, or any combination, as long as all R connec 
tions are wired together, all C connections are wired 
together, and all Comm connections are wired together. The 
total capacitance between Comm and C in the wires in a 
typical system should not exceed 0.068 uF. Typical capaci 
tance for thermostat wire is between 10 and 50 pF per foot, 
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but may be as high as 100 pF per foot. FIG. 11 shows the 
maximum total length of wire for various wire capacitance 
values. 

[0097] Each node connected to a bus according to the 
present invention will be required to synch up with a signal 
transition transmitted by the Bit Master node. FIG. 12 shows 
a high level state chart that illustrates an example of how this 
synchronization may occur. The state chart 1200 of FIG. 12 
is a simpli?ed diagram presented for purposes of explana 
tion; many modi?cations and variations are possible in light 
of these teachings. After the start state 1202, the node enters 
a wait for transition state 1204, speci?cally waiting for a 
transition from dominant to recessive state (e.g., a positive 
edge). This wait state 1204 is part of a larger Non-Bit Master 
state 1206 of the node. Bit-Master-Capable devices will 
typically start in the Non-Bit Master State 1206, and only 
assume a Bit Master State 1208 when the current Bit Master 
stops operations. However, some devices, such as bridges, 
may go into the Bit Master state 1208 right after the start 
state 1202. 

[0098] When ?rst entering the transition wait state 1204, 
the node will initialize a time variable t to zero, as indicated 
on path 1207. The node remains in the transition wait state 
1204 until either a transition is detected, as indicated by path 
1210, or the time variable t times out on the value tBitMasterTim 
eout (BMTO), as indicated by path 1212. If t times out 1212, 
the node enters the Bit Master state 1208. If t did not time 
out, however, then the Bit Master has timely transitioned 
1210 the line to start the next bit, and the node reinitializes 
t to zero and enters a second wait state 1216 before setting 
or reading values on the data bus. The node remains in this 
second wait state 1216 until the beginning of the second 
period (i.e, t=tP2Smt), as indicated by path 1214. Once 
t>=t , then the node transitions to transmitting state 
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1220. 

[0099] If the node is currently transmitting a message, 
then the node begins transmitting a dominant or recessive 
state (e.g., CommLow or CommHigh) onto the bus during 
state 1220. If the node is not transmitting, then the node 
waits until state 1220 is complete, i.e., when t>=ttp3stm, as 
indicated by path 1222. Following the transmit state 1220, 
the node enters a reading state 1224 where the state of the 
bus is determined. If the node was transmitting in the 
previous state 1220, the node continues transmitting in the 
read state 1224. During the read state 1224, the node 
determines the current bit value on the data bus. If the node 
is transmitting during the read state 1224, then the node will 
perform arbitration checks to ensure that another node is not 
transmitting a higher priority message (e.g., the other node 
is transmitting a dominant bit while this node is transmitting 
a recessive bit). 

[0100] The node remains in the bit reading state 1224 up 
until the beginning of the fourth period of the bit (i.e, 
t=ttp4stm). When t>=ttp4stm, the node enters the last state 
1226 of the bit. If the node was transmitting a dominant state 
(e.g., CommLow) during the previous two states 1220, 
1224, the node then releases the bus at state 1226, and then 
reenters the beginning wait state 1208, as indicated by path 
1228. Releasing the bus 1226 involves asserting a weak 
current pullup on the data line. It will be appreciated that the 
if the node is not transmitting (e.g., no messages queued or 
lost arbitration), the node will continually assert the weak 








